108-054, 0-13COOCH =ay was supplied by the Society of Plastics Industry Inc. (New York, NY) in 45-gal. drums at approximately 2-month intervals. The target specification for each batch of VA was to contain less than 50 ppm acetaldehyde and I ppm or less of hydroqui none. Solutions containing 0, 200, 1000, or 5000 ppm VA (v/v in untreated drinking water) were prepared daily throughout the study. In order to correct for the loss of VA that occurred due to hydrolysis over the 24-hr period, the solutions for each dose level were overformulated by 5%.
Each batch of VA was analyzed for water, acetaldehyde. and acetic acid by the supplier before shipping, by TILE on arrival, prior to returning the unused material, and again by the supplier after receipt of the unused sample. Drinking water formulations were analyzed to verify the concentration of VA. Duplicate analyses were done daily for the first 9 days of dosing, in Weeks 5, 6, and 9, and at approximately 4-week intervals throughout the remainder of the study.
Animals and treatment. Approximately 150 male and 300 female
Crl:CD(SD)BR rats (Charles River Ltd., Mansion Road. Margate. UK) were obtained for use as the 170 generation. Upon arrival, the rats wets examined For external signs of disease or injury and then were vaccinated against Sendai virus (Sendai virus vaccine, Microbiological Associates. Walkersville, MD; 0.1 mt. im). The vaccination was a prophylactic treatment and was considered necessary in view of the deleterious effect that a vita/ infection may have on reproductive performance. VA IreatMent was initiated after approximately 2 weeks of acclimatization when the rats were approximately 6 weeks of age. The rats were randomly divided into tw,o subsets each containing four groups of 18 males and four groups of 36 females. One set of animals was used for the two-generation reproduction study while the other set was used solely to provide offspring for a chronic toxicity study with VA. During the premating period, the F0 rats were housed 6 per cage in stainless-steel mesh cages; rats in the F, generation were housed 5 per cage. During gestation and lactation, female rats were DRINKING WATER REPRODUCTION STUDY WITH VINYL ACETATE 207 housed in polypropylene cages with autoclaved sawdust bedding. All rats were housed in environmentally controlled rooms with 12-hr photoperiods and given free access to food (SQC Rat and Mouse Breeder Diet No. 3 , Expanded, Special Diets Services Ltd., Witham, U.K.) and water. VA drinking water formulations were available ad libitum from glass water bottles fitted with stainless-steel spouts except during the cross-mating period when treated water was not available. After approximately 24 hr, control and test formulations were discarded and the bottles refilled from freshly prepared formulation. The bottles were replaced with clean bottles at weekly intervals. Body weights &the males were recorded weekly. Body weights of the females were recorded weekly until mating was confirmed and then on Days 0, 6, 12, 15, and 20 of gestation. During lactation, body weights were recorded on Days I, 7, 14, and 21, except for the second mating of the F, females when body weights were only recorded up to Day 12 of gestation. Water consumption was measured daily throughout the premating periods by dividing the total amount of water consumed by the number of animals in the cage. Individual water consumption was also measured daily for mated females during gestation and lactation, but not during the mating periods or for weaned litters awaiting randomization.
Fe, mating. After 70 days of VA treatment, the Fo rats were mated to produce the F, offspring. During the mating period each male was cohabitated continuously with two females for up to 15 days. Daily vaginal smears were conducted between 0700 and 1230 hr using saline and cotton-wool swabs; the smears were discontinued when sperm were observed. The day on which sperm were observed was designated Day 0 of gestation. Following confirmation of mating, females were removed from the male's cage and housed individually. Treatment of the Fo males continued for 4 weeks beyond mating, after which they were euthanized (pentobarbitone sodium solution, 200 mg/ml; May & Baker Ltd., Dagenham, Essex, U.K.).
Pregnant Fo females were allowed to give birth to the F, pups; the day the delivery was complete was designated Day I of lactation. Any female that did not deliver was presumed not pregnant. Litter size was reduced to a total of 10 pups of equal sex, when possible, on Day 7 of lactation. After selection of the rats for the 104-week chronic toxicity study, one male and female rat from 25 litters were randomly selected per treatment group to continue the reproduction study and become F, parents of F2 offspring. Finally, one male and one female pup from 10 litters were randomly selected to undergo a full necropsy. F, mating. After 70 days of VA treatment, the F, parents were mated to produce the F2 offspring; sibling pairings were avoided. Daily vaginal smears were conducted between 0630 and 1200 hr using the same criteria as described previously, except that the initial male was replaced by a proven male from the same group if mating did not occur within 10 days. Cohabitation with the second male continued fora maximum of 5 days. The females were allowed to deliver and rear their offspring to weaning, when the pups were euthanized. Approximately one-half of the F, males had been euthanized when the data were sufficiently evaluated and the decision was made to conduct a cross-mating of the F, rats; therefore, the remaining male rats were continued on VA for production of a second set of litters (F2 b).
F, cross-mating. All high-dose (5000 ppm) females were paired with the remaining control group males and all control group females were paired with the remaining high-dose males. In general, two females were paired with one male for up to 10 days. Nonproductive rats were paired with those of known fertility. To avoid exposure of control animals to treated water and vice versa, the water bottles were removed during the cohabitation periods, which were from 1700 to 2300 hr. Vaginal smears were taken between about 23:00 and 0100 hr. Day 0 of gestation was considered to be the day following the evening on which sperm were observed. Mated females were euthanized and necropsied on Day 13 of gestation to determine the pregnancy status and the number of implantations. `n decreases to 24 at Week 9. " Significantly different from control value (p 0.01). n decreases to 14 at Week 20 (Day 7 premating). `Grams/animal/day.
Females not recorded as having mated were euthanized 13 days after the end of the mating period, and the uterine contents were examined.
Developmental parameters and functional assessment. In the F, and F2 generations, developmental parameters (pinna unfolding, generalized hair and fur growth, tooth eruption, and eye opening) and functional tests (grip strength, pupillary reflex, visual placing response, and auditory response) were performed on pups from 10 randomly selected litters in each group on Day 21 of lactation.
Necropsy. Gross necropsies were performed on Fo and F, parents. The following organs were removed and preserved in 10% neutral-buffered formalin except for the testes, which were stored in Bouin's fixative: cervix, coagulating gland, epididymides, lung, ovaries, pituitary gland, prostate, seminal vesicles, testes, uterus, and vagina. In addition, W male and 10 female pups from each group of the F, and F1 litters underwent full necropsy consisting of more extensive tissue collection.
Statistical analysis.
Continuous or semicontinuous responses were evaluated using analysis of variance (Snedecor and Cochran, 1967) . For normally distributed errors, the standard deviation obtained from this analysis was used for Student's t tests between control and treated groups. The Kruskal-Wallis test and Wilcoxon rank sum test were used for errors that were nonnormally distributed (Siegel, 1956 ). For discrete responses, mating, fertility, fecundity, and gestation indices were analyzed using Fisher's exact test; pup numbers were analyzed using Fisher's two-sum randomization (permutation) test with a Monte-Carlo simulation for computation of significance levels (Bradley, 1968; Van Julsingha, 1967) . The litter was the experimental unit and a square root transformation was used for weight and litter size adjustment. The level of significance for all determinations was set at 5%.
RESULTS
group began the premating period weighing slightly less than the control group, and the magnitude of the deficit (relative to control) remained the same throughout the 10-week premating period. Vinyl acetate treatment did not significantly affect the body weights of adult female rats in the F0 or F, generations during the premating period (Table  2) . Although the body weights of the 5000-ppm females in the F, generation tended to be slightly lower than those of the control group, the decrease (relative to control) was similar to that which was present at weaning. The body weight gain of the female rats during gestation was not significantly affected in either the F0 or the F, generations; however, the control group gained slightly more weight than the rats in There were no clinical observations recorded during the study suggestive of compound-related effects. The frequency of death or moribund condition occurred sporadically across dose groups; therefore, under the conditions of this study, VA had no effect on mortality. Five rats from group 1 (control), two rats from group 2, and 5 rats from group 4 died or were killed in extremis. The moribund condition was attributed to overgrown incisors/abnormal teeth, kidney and bladder stones, and hydronephrosis in the test animals. The cause for the moribund condition of the five control males was not determined.
In general, the body weights of the F0 and F, male rats in the 5000-ppm group tended to be slightly lower than their respective control groups; none of the decreases were statistically significant (Table 1) . The F, males in the 5000-ppm 0  200  34  35  41  40  43  54  72  1000  162  163  181  178  208  262  343  5000  653  632  695  702  862  1139  1473   F, generation   0  0  0  0  0  0  0  0  200  32  36  41  43  38  55  72  1000  148  156  176  185  176  260  350  5000  599  623  667  702  884  1219  1589 ° Vinyl acetate concentration (ppm).
the remaining groups (Table 3) . The body weight gain of female rats during lactation was significantly lower in the 5000-ppm group in the Fo generation and in the 1000 and 5000 ppm groups in the F, generation (Table 3) . The mean weekly water consumption of the 5000-ppm male rats in the Fo and FL generations was significantly lower than in their respective control groups (Table 4) . Over the 10-week premating period, the mean water consumption for Fo and F, males was approximately 21 and 22% lower than control, respectively. The water consumption in female rats was significantly lower than control during the premating period in the Fo generation at 5000 ppm (approximately 27%) and in the F, generation at 1000 and 5000 ppm (approximately 17 and 26%, respectively; Table  5 ). Water consumption for female rats was greater during gestation and lactation than during the end of the premating period; however, lower water consumption compared to control females was still apparent in some of the treatment groups. During gestation for the Fo females, the mean daily water consumption was approximately 30% lower than control at 5000 ppm (Table 6) , whereas it was approximately 11 and 31% lower at 1000 and 5000 ppm, respectively, for the F, females. Water consumption during lactation for the Fo females was approximately 24% lower than control at 5000 ppm, and was decreased by approximately 14 and 21% in the 1000-and 5000-ppm F, females, respectively (Table 6 ). Decreased water consumption was also noted for male and female rats during the various phases of the cross-mating trial; the decreases were generally of similar magnitude to those discussed previously (Tables 7  and 8 ).
The amount of VA consumed per kilogram of body weight decreased over the course of the premating period, which is consistent with the decline in water consumption relative to body weight that occurred over this time period in control and treated rats. The mean VA consumption for the Fo male rats in the 200-, 1000-, and 5000-ppm groups was approximately 29, 145, and 650 mg/kg/day, respectively, at the beginning of the premating period (Table 9) . By the end of the premating period, the Fo males consumed approximately 16, 76, and 320 mg/kg/day in the 200-, 1000-, and 5000-ppm groups, respectively. For the Fo fe- ° Number copulating 4-number cohabitated X100. ° Represents control group females mated with 5000-ppm males. `Rats were excluded from cross-mating. d Represents 5000-ppm females mated with control-group males. `Number bearing litters ÷ number copulating X100. / Number of females with live pups ÷ number of pregnant females x100. g Number of pups born alive ÷ number of pups born x100. h Number of pups alive on Day 7 precutting ÷ number of pups born alive. ' Number of pups alive at weaning (Day 21) + number pups alive at culling (Day 7 postculling).
male rats, VA consumption was approximately 38, 177, and 763 mg/kg/day at the beginning of the premating period and decreased to approximately 25, 117, and 431 mg/ kg/day for the 200-, 1000-, and 5000-ppm groups, respectively (Table 10) . VA consumption was greater in female rats during gestation and lactation than at the end of the premating period due to the increase in water consumption during these periods (Table 11) . VA consumption for animals in the F, generation was similar to that observed in the Fo generation (Tables 9-11 ).
In the Fo generation, there were no significant differences in mating, fertility, or gestation indices (Tables 12 and 13) , and there was no effect on gestation length (Table 14) . In the F, generation, there was no effect on mating or gestation indices. Although not statistically significant, the F, fertility index of the 5000-ppm group was lower than that for the control group (approximately 79 versus 96% for control). There was no effect on F, gestation length. A cross-mating trial was conducted to further examine the slight reduction in the number of litters produced in the 5000-ppm group. In accordance with the original protocol, approximately half of the male rats had been euthanized before the decision was made to conduct the cross-mating trial; therefore, only the surviving F, control and 5000-ppm male rats were mated for a second time. Vinyl acetate had no apparent affect on the 5000-ppm female rats that were mated with the control males (Table 12) ; the mating and fertility indices were approximately 96%. Fewer pregnancies occurred when the 5000-ppm male rats were mated with the females from the control group, resulting in a mating index of 76%. The fertility index was not affected (100%).
There were no statistically significant differences between control and treated groups with regard to litter size (Table 15) , although the number of pups in the F, litters in the 5000-ppm group tended to be somewhat lower than control. There were also no significant differences in the weight of the pups at birth; however, the mean weights were significantly lower in the 5000-ppm F, pups by Lactation Day 21 (Table 15) . No pup weight effects were apparent in the F2 generation pups. The number of pups alive throughout the lactation period (Table 15) , the live birth indices, viability indices, and lactation indices (Table 12) were simi- b Number copulating ÷ number cohabited X100. Number of males copulating/number of males cohabited. °Number successfully initiating a pregnancy ÷ number copulating X100. e Number of males successfully initiating a pregnancy/number of males copulating. f Control-group males mated with 5000-ppm females and 5000-ppm males mated with control-group females. g Rats were excluded from cross-mating. b Represents control-group females mated with 5000-ppm males. `Represents 5000-ppm females mated with control-group males.
lar for the control and treated groups in both the F1 and the F2 offspring, suggesting that VA had no effect on pup survival. Evaluation of the uterine contents on Day 13 of the cross-mating trial (Table 14) showed a slight increase in early intrauterine death, percentage pre-and postimplantation loss, and a slight decrease in late intrauterine deaths for the 5000-ppm females mated with control males versus the control females mated with 5000-ppm males; however, all the values were within the range of historical control data for Hazleton Laboratories Europe, Ltd. There were no apparent differences between control and treated pups with regard to clinical sign observations, devel- 
DISCUSSION
A decrease in water consumption in the 5000-ppm Fo and F, male and female rats and in the 1000-ppm F, female rats became apparent during the first week of dosing and persisted throughout the study. Lower water consumption in these groups was probably due to the palatability of VA. The magnitude of the effect on water consumption (greater than 20% reduction at 5000 ppm) suggests that the concentrations of VA used in this study were probably the maximum allowable concentrations for a drinking water study. There were no significant effects on body weight in male or female rats during the premating period, although the body weights of the 5000-ppm Fo and F, male rats tended to be lower than those for control animals. Decreased water consumption may have contributed to the subtle body weight effects seen during the premating period; however, body weight effects were primarily limited to male rats and the effect on water intake was greater for females than males. Body weight gain was significantly lower in the Flo (5000 ppm) and F, (1000 and 5000 ppm) females during lactation. Given the increased nutritional demands placed on the dam during lactation, weight gain during this period could have been more readily affected by decreased water consumption. More definitive conclusions with regard to the effect of decreased water consumption in this study cannot be made since paired-comparison data are not available for assessment of the effects of decreased water consumption in the absence of VA exposure.
In the F, generation, the fertility of the 5000-ppm group was somewhat low. In order to investigate this further, a cross-mating of the control and 5000-ppm groups was conducted. The result of mating the 5000-ppm females with male rats from the control group was unremarkable, but fewer litters resulted when the 5000-ppm males were mated with females from the control group. Although fewer litters occurred in both the initial and the cross-mating trials with the 5000-ppm group, the results do not corroborate one another since the former was due to lower fertility (19 pregnancies of 24 confirmed matings) and the latter due to poor mating performance (19 confirmed matings of 25 pairings). It should be noted that the interpretation of the cross-mating results is confounded due to the smaller sampling of males and the shorter cohabitation period. Interestingly, although the results of the Fo mating did not suggest a treatment-related effect on fertility, the fertility index of the separate Fo subset that was mated to provide rats for the chronic study was somewhat lower for the 5000-ppm group (80 versus 97% for control rats). There were no compound-related testicular changes evident in this study or in chronic studies conducted with VA (Bogdanffy et al., 1994a,b) .
With the exception of decreases in the F, pup weights that developed at 5000 ppm during the lactation period, there were no effects of treatment on any of the parameters associated with the litters. Although weight effects were not observed in the F2 5000-ppm pups, the decreased weight gain in the F, pups was probably secondary to the lower weight gain observed in the dams during this period.
CONCLUSIONS
Vinyl acetate did not produce a consistent effect on reproduction at any of the dose levels tested, although several changes in reproductive end points were observed at 5000 ppm. The changes in reproductive parameters included a decrease in F, pup weight (Day 21), a decrease in fertility in the F, generation, and a decrease in F, male mating performance in a cross-mating trial. In addition, the fertility index in a subset of Fo rats mated for the chronic study was lower than that for control rats. The inconsistency of the responses across generations and the small magnitude of the changes do not allow a definitive conclusion of compoundrelated effects to be made. Based on these considerations, a conservative evaluation of the data leads to the conclusion that the no-observed adverse effect level is 1000 ppm.
